2
Introduction
Outer hair cells (OHCs), the electromechanically sensitive epithelial cells of the cochlea, are responsible for the extraordinary sensitivity, the high frequency discrimination, and the high dynamic range of hearing (Ashmore, 2008; Dallos, 2008) . The basis of these properties is electromechanical force generated by the OHC soma , which acts against intracochlear frictional forces (Dong and Olson, 2013) . The fundamental electromechanical properties are based on mechanical (Ashmore, 1987; Brownell et al., 1985; Dallos et al., 1991; Frank et al., 1999) and electrical (Gale and Ashmore, 1997; Huang and Santos-Sacchi, 1993; Oliver et al., 2001; Santos-Sacchi, 1989) recordings from OHCs isolated from the organ of Corti. The electromechanical action can be modulated not only directly by its efferent inputs (Ryugo, 2011) , but also indirectly by its afferent outputs (Froud et al., 2015) . Since these processes are based on endocytic and exocytic activities, it is expected that, in general, both endocytosis and exocytosis are essential components of mechanisms for modulating the mechanics of the cochlear partition. To investigate the dynamics and properties of these processes at both poles of the OHC 5 independently, an adequate dye-application system for fluorescence labelling is required.
Applying the membrane marker FM1-43 to the extracellular fluid of OHC in vitro (Kaneko et al., 2006; Meyer et al., 2001) and to the cuticular plate of OHC in endolymph in situ (Griesinger et al., 2004) , it has been shown that OHCs possess rapid endocytic activity at their apical pole. It was also demonstrated that membrane particles endocytosed at the apical pole are transcytosed to different locations, namely into the basolateral membrane and along a central strand down to the nucleus (Griesinger et al., 2004; Kaneko et al., 2006) .
Endocytic vesicles have been also demonstrated in the basal pole of the OHC using electron microscopy (Nadol, 1983) . Moreover, using horseradish peroxidase staining, the presence of coated vesicles and small vacuoles in the synaptic region has been shown (Siegel and Brownell, 1986) . However, the significance of the infranuclear endocytic activity has not been investigated, a short-coming which is mostly due to the lack of suitable experimental settings. Therefore, it is of fundamental importance to establish a reliable labelling-perfusion method to investigate membrane internalization in isolated OHCs.
In the present study, a double-barrel capillary perfusion system was designed and demonstrated for its ability to distinguish endocytic uptake at the opposite poles of the OHC and to visualize and quantify bidirectional intracellular traffic in a single OHC. It is asserted that this new perfusion technique will contribute to investigating the dynamics of endocytosis and transcytosis, together with their associated physiological processes, and could be applicable not only to OHCs but also to other bipolar cells in certain other systems, such as the retina. 
Material and methods

Ethical approval
The study was approved by the Animal Protection, Veterinary Service and Veterinary
Medicine Department of the University of Tübingen and by the Regional Council
Tübingen (Reference numbers: 11.06.2012 (Reference numbers: 11.06. , 11.03.2014 (Reference numbers: 11.06. , 16.03.2015 (Reference numbers: 11.06. , and 29.06.2016 , complying with legal requirements of the European Communities
Council Directive of 24 November 1986 (86/609/EEC) for the protection of animals used for experimental purposes.
Preparation of OHCs
OHCs were isolated as previously described (Harasztosi and Gummer, 2016 ) from the apical third of the cochlea of pigmented guinea pigs (N = 72, weight 400-900 g), using methods that were originally established in our laboratory for experiments characterizing high-frequency electromechanical properties of isolated OHCs (Frank et al., 1999; Ludwig et al., 2001) . Cell lengths ranged from 55 to 83 µm.
Animals were bred in the animal facilities of the University of Tübingen (Einrichtung für Tierschutz, Tierärztlichen Dienst und Labortierkunde, directed by Dr.
Franz Iglauer). Animals were anesthetized by intraperitoneal injection of a mixture of 100 mg/kg ketamine and 4 mg/kg xylazine and were killed by cervical dislocation. The bulla was opened and most of its wall was removed by a bone rongeur and placed in fresh HBSS. The majority of the cochlear wall was removed by a scalpel; the modiolus was separated from the cochlea and placed in fresh HBSS.
Stria vascularis was removed by forceps, while the organ of Corti was separated from the modiolus by a sharpened stainless-steel fine needle. Pieces of organ of Corti originating from the apical third of the cochlea were placed in 200 µL HBSS containing 1 mg/mL collagenase IV (Collagenase IV from Clostridium histolyticum, Sigma-Aldrich Chemie GmbH, Munich, Germany) for 10 minutes using a 10 µL Eppendorf pipette. The enzymatic treatment served primarily to enhance the cell isolation process, and also to free the basal pole of the OHC of most of the nerve endings.
After replacing the HBSS with enzyme-free HBSS, the pieces of the organ of Corti were transferred into the experimental chamber containing 200 µL HBSS.
OHCs were dissociated by gentle aspiration using a 100 µL Eppendorf pipette. After the OHCs settled down onto the coverslip, requiring ~10 min, the chamber was filled with ~2 mL HBSS. For the experiments with the single-barrel perfusor (Sec. 2.6.1), the coverslips were pre-coated with poly-L-lysine (0.01%). However, in the case of experiments with the double-barrel perfusor (Sec. 2.6.2), with its relatively small exit lumen, the coverslips were coated with the cell-and-tissue adhesive Cell-Tak TM (Corning Inc., Corning, NY, USA) to increase adhesion.
OHCs were used within two hours post mortem. Only cells possessing a typical cylindrical cell body, visibly without Brownian motion, and without obvious damage to plasma membrane or to intracellular structures were chosen for the 8 study. The properly performed isolation procedure does not appear to impair the electromechanical viability of the OHCs, as established in other (Ashmore, 1987; Brownell et al., 1985; Dallos et al., 1991) and our (Frank et al., 1999; Ludwig et al., 2001 ) laboratories. All experiments were conducted at a controlled room temperature of 21.5 ± 0.5 ºC.
Fluorescence membrane markers
The fluorescent membrane markers FM1-43 and FM4-64 were used to visualize endocytosis. Fluorescence markers were purchased from Thermo Fisher Scientific,
commonly used to visualize endocytic and exocytic processes (Betz and Bewick, 1992) . It binds rapidly and reversibly to the plasma membrane with strong fluorescent enhancement. The fluorescent marker FM4-64, N-(3-Triethylammoniumpropyl)-4-(6-(4-(diethylamino)phenyl)hexatrienyl)pyridinium dibromide, is a derivative of FM1-43 with similar membrane labelling properties, but exhibits long-wavelength red fluorescence that can be distinguished from the spectra of FM1-43. The concentration was 10 µM for both dyes. Control experiments were performed to demonstrate that these membrane markers cannot penetrate the lateral membrane passively and that their uptake is indeed endocytotic and localized to the basal (Supp. Fig. 1 ) or apical pole of the OHC.
Confocal microscopy
Fluorescence signals were imaged with a Zeiss Axioskop2 FS mot microscope (Zeiss, Heidelberg, Germany) equipped with a Zeiss LSM 510 confocal system 9 (Harasztosi and Gummer, 2016 The emitted light was split with a NFT 543 secondary dichroic beam splitter. In the first track, the FM1-43 signal was recorded using a BP 500-550 band-pass filter. In the second track, the FM4-64 signal was collected with a BP 650-710 band-pass filter. Comparing the excitation efficacy of the two lasers and the relative areas of the emission spectra of the fluorescence probes, FM4-64 emission contributed ~0.3% to the FM1-43 signal, while FM1-43 contributed ~2% to the FM4-64 signal.
The calcium fluorescence indicator fluo-3, used for laminar-flow control experiments, was excited with the 488-nm Argon laser using a HFT 488 main dichroic beam splitter and the emitted light was detected above 505 nm with a NFT 450 secondary dichroic beam splitter and a LP 505 long-pass filter.
In general, the framerate for data acquisition was 2 s/frame. However, in some experiments the sampling rate was set to 7 s/frame by including a 5-s delay in the data-acquisition cycle. Sampling rates are indicated in the figure legends. 
Perfusion systems
A perfusor was constructed as either a single-barrel (Sec. 2.6.1) or a double-barrel (Sec. 2.6.2) system. For connecting a perfusor barrel to the perfusion pump, an
Eppendorf GELoader ® was inserted into a barrel with its exit close to the shank and 
Single-barrel perfusion
To establish homogeneous plasma-membrane labelling, fluorescent dye was applied through a single-barrel perfusion system (Fig. 1 ). The perfusor tip had an inner diameter of ~350 µm and was positioned ~450 µm from the cell. The perfusor was constructed from an Eppendorf epT.I.P.S. ® pipette tip (standard, 0.5-20 µL), into which two Eppendorf GELoader ® tubes were glued, providing connection to the perfusion pump. For dye application, the perfusion system was switched from dyefree to dye-loaded extracellular solution by manually switching the solutions via three-way stopcocks which were built into each channel. The flow rate was set to 14 µL/min to achieve laminar flow.
The advantage of this single-barrel perfusion system is that it enables the plasma membrane to be stained homogeneously, therefore allowing simultaneous labelling of the apical and the basal poles of isolated cells.
Double-barrel perfusion
To allow independent staining of the apical and basal poles either separately or concurrently, a double-barrel perfusion system was developed ( Fig. 2) . A doublebarrel, premium standard-wall borosilicate-glass, theta capillary with an external diameter of 2 mm (Harvard Apparatus, MA, U.S.A.) was pulled with a DMZ-Universal
Puller (Zeitz Instruments, Augsburg, Germany). At the tip of the perfusor, the distance between the septum and the inner wall of a barrel was ~20 µm. Contrary to the situation for the single-barrel perfusor, it was necessary to place the perfusor tip as close as possible to the cell to ensure localized application. The distance was set to ~30 μm. Given this relatively short distance and the relatively high pressure produced by the small lumen of this type of barrel tip, two precautions, not required for the single-barrel perfusor, were necessary to ensure that the cell remained fixed to the coverslip: 1) the coverslip was coated with a cell-and-tissue adhesive (CellTak TM ; Sec. 2.2), and 2) the flow rate was set as low as possible (3 µL/min per barrel).
Although the flow rate was set low, the dye concentration was continuously increasing in the recording chamber during cell perfusion, albeit at a slow rate. The extracellular dye concentration could increase by 0.15 µM for a perfusion duration of 10 min. Therefore, the following precautions were taken when choosing subsequent 13 cells: 1) neighboring cells were not chosen, 2) measurements were not made on cells with observable initial staining, and 3) no more than three 10-min duration perfusions were made in the same chamber. This cell-selection procedure was very effective because dye accumulation in the chamber was nonhomogeneous on the time scale of the measurements and subsequent cells presented similar onset dynamics of the fluorescence intensity signal. Recordings were made from no more than two or three cells per chamber.
Drug application
Inhibitors of endocytic or transcytotic activity were used to show unequivocally that the observed fluorescent signals derive from endocytotic uptake and vesicle traffic, and also to demonstrate the utility of the method. The OHC was pre-incubated in the drug solution for 30 min prior to commencement of the fluorescence measurements.
The extracellular solution contained either 40 µM phenylarsine oxide (PAO), an inhibitor of pinocytosis and phagocytosis (Dutta and Donaldson, 2012) , or 25 µM monastrol (Mon), an inhibitor of the microtubular motor protein, kinesin (Griesinger et al., 2004) . Drug solutions were prepared fresh on the day of the experiment using stock solutions prepared in dimethylsulphoxide (DMSO) in concentrations of 80 mM and 50 mM, respectively, for PAO and Mon. The drugs remained in the extracellular solution during the fluorescence measurements.
To further demonstrate the utility of the double-barrel technique, the dynamin inhibitor, dynasore, was applied to the isolated OHC (Duncker et al., 2013) .
Dynasore (30 mM) was prepared in DMSO and stored at -20 °C. Directly before the experiment, the stock solution was diluted in HBSS to the final concentration of 100
µM. Although the data demonstrated fluorescence-signal reduction upon dynasore 14 application, they cannot conclusively demonstrate the presence of clathrin-mediated processes because dynasore can also interact with fluorescence markers by quenching (Alharazneh et al., 2011) . Therefore, these data have been relegated to the Supplementary materials (Supp. Fig. 3 ).
Electrical stimulation
Control experiments demonstrated the electromechanical viability of the isolated cells before and after the fluorescence measurements (Supp. Fig. 2 ). The OHC was extracellularly stimulated with an electrical field established between two parallel, chloride-coated silver electrodes (0.1 mm diameter), in a manner similar to that described in Ramamoorthy et al. (2013) . Using a micromanipulator, the electrode pair was placed along the bottom of the experimental chamber and positioned approximately orthogonal to the longitudinal axis of the cell, so that the electric field was directed approximately parallel to that axis. Positioning for an orthogonal rather than a parallel field-line orientation, to yield larger changes of transmembrane potential (Ramamoorthy et al., 2013) , was not possible because of the lateral position of the perfusion barrels. The separation of the electrodes was ~0.9 mm and the amplitude (zero-to-peak) of the applied electrical field was ~1.3 V/mm. An IgorPro6.0 driven data acquisition system, including ITC-18 computer interface and PCI-16 host interface card, was used to generate sinusoidal voltage signals (HEKA Elektronik Dr. Schulze GmbH, Lambrecht/Pfalz, Germany). The stimulus frequency was 10 Hz. Electrically induced soma displacement was estimated at either the cuticular plate or the basal pole by measuring the stimulus-induced modulation of the phase-contrast signal in line-scan mode of the confocal system (λex = 488 nm). The 15 acquisition frequency was 500 Hz. The length of the ROI was 18.2 µm (1024 pixels) and the line width was 0.02 µm (1 pixel).
Statistical analysis
Data are presented as sample mean and standard deviation. Statistical difference between sample means was evaluated by the Student's t-test without assuming equality of variances (Guttman et al., 1971) and was defined as statistically significant at the 95% level of confidence (P < 0.05). The test value is given as tν, where the subscript ν denotes the number of degrees of freedom. The P-value for the result occurring by chance under the null hypothesis is given for either the onesided (directional; P1) or the two-sided (non-directional; P2) test, depending on the assertion being made. 
Results
Whole-cell dye uptake and the single-barrel perfusor
To demonstrate methods prior to development of the double-barrel perfusor, Fig. 3 presents results for the single-barrel perfusor (Sec. 2.6.1), designed to label the plasma membrane of the whole cell homogeneously. In response to application of FM1-43 (10 µM), the plasma membrane along its entire length became immediately (<2 s) fluorescent. The time course of the fluorescent intensity was similar at both the apical plasma-membrane (PMA) and basal plasma-membrane (PMB) locations of the cell ( Fig. 3C ; PMA and PMB). After the initial rapid increase, the signals continued increasing in both membrane locations. The rapid increase is indicative of instantaneous extracellular fluid exchange. The subsequent slow signal increase suggests that these membrane ROIs might be covering some membrane structures beneath the plasma membrane that accumulate the dye with time.
Positioning the ROIs in the infracuticular (IC) and infranuclear (IN) regions of the cell shows that not only the plasma membrane at the apical and basal poles, but also intracellular structures within these soma extremities exhibit fluorescenceintensity increase. These signals indicate membrane internalization and, therefore, endocytic activity. Although the fluorescence-staining patterns at these extremities show differences, the fluorescence-intensity changes were not significantly different ( Fig. 3C; IC and IN) . Fluorescence-intensity increase was slowest in the centre of the cell ( Fig. 3C; M) .
Using the single-barrel perfusor, the plasma membrane along its entire length can be labeled homogenously and, therefore, the dynamics of endocytic activity of both the apical and the basal poles can be visualized simultaneously. However, the disadvantage of this configuration is that vesicles formed at a given pole cannot be distinguished from vesicles originating from the opposite pole of the cell. To resolve this shortcoming, a perfusion system was required that enables application of dye to a single pole or of two dyes independently to the opposite poles of the OHC. To this end, the double-barrel perfusor was designed to allow simultaneous application of different fluids to the opposite poles.
Laminar flow and the double-barrel perfusor
Selective application of a solution to a specific polar region was achieved with the 
Unidirectional vesicle traffic and the double-barrel perfusor
In its first of two main usages, the double-barrel perfusor is employed for studying unidirectional vesicle traffic by applying the plasma-membrane marker to one pole of the cell. An example for studying basoapical transport is illustrated in Fig. 5 , where the upper barrel (ChA) is filled with dye-free HBSS while the lower barrel (ChB)
contains 10 µM FM1-43. Perfusion resulted in plasma-membrane labelling first detectable around the basal pole of the cell (Fig. 5B , left-most fluorescent image), with a time delay of less than 2 s, as found for the single-barrel perfusor. With a time delay on the order of seconds, intracellular labelling then became detectable in the infranuclear region, later in the supranuclear regions and progressively in regions towards the apex of the cell (Fig. 5B) . The fluorescence-intensity increase in the intracellular regions indicates accumulation of FM1-43 longitudinally within the cell.
To quantify the onset delays of the fluorescence-intensity increase, threshold intensity was defined as 15% of the saturated plasma-membrane intensity ( These results demonstrate that the double-barrel perfusor offers an effective tool to visualize unidirectional vesicle traffic in isolated OHCs.
Block of labelling by endocytosis and transcytosis inhibitors
To exclude preparation artifact as an explanation for the apparent internalization and These results suggest that the time course of the FM1-43 evoked increase of fluorescence intensity is due to endocytotic internalization and transcytotic transport of FM1-43, rather than experimental artifact such as lysis or passive diffusion.
Bidirectional vesicle traffic and the double-barrel perfusor
In addition to studying unidirectional vesicle traffic, the double-barrel perfusor can be These results demonstrate that the double-barrel perfusor allows investigation of both apicobasal and basoapical vesicle traffic simultaneously in the same isolated OHC.
Discussion
The aim of the study was to develop a technique for independent labelling of the 
Visualizing endocytic vesicles in OHCs
Endocytic vesicles have already been demonstrated in the infracuticular (Kachar et al., 1997) and infranuclear (Nadol, 1983) pole of the OHC using electron microscopy.
Moreover, using horseradish peroxidase staining, the presence of coated vesicles and small vacuoles in the synaptic region has been shown (Siegel and Brownell, 1986) . Using the fluorescent plasma-membrane marker FM1-43, as a marker for endocytosis (Betz and Bewick, 1992) , and confocal microscopy it became possible to visualize membrane internalization in living hair cells (Seiler and Nicolson, 1999) .
In isolated OHCs, using bath dye application, intense dye uptake and time dependent intracellular labelling was reported by Meyer et al. (2001) . Perfusion of scala media with FM1-43 showed in an in-situ experimental configuration that membrane particles are intensively endocytosed at the apical pole of the OHC and transcytosed to different locations, namely into the basolateral membrane and along a central strand down to the nucleus and probably into the infranuclear region (Griesinger et al., 2004) . Local application of the plasma-membrane marker to isolated OHCs also indicated rapid apical dye uptake and vesicle traffic (Kaneko et al., 2006) . However, endocytic activity and vesicle trafficking deriving from the basal pole of the OHC has not been reported. This is mostly due to technical reasons, including the lack of an adequate dye-application method.
Previous perfusion techniques
Labelling of vesicles in the cytosol depends on stained plasma-membrane uptake, which in turn is critically dependent on the local extracellular concentration of the membrane marker around the uptake site of the cell. Non-local bath application is useful for obtaining homogenous plasma-membrane staining of isolated OHCs (Meyer et al., 2001 ). However, the complete extracellular fluid exchange required for that method is difficult and takes several seconds. Therefore, the dynamics of rapid dye uptake cannot be measured with that method.
Compared with bath application, the advantage of local dye-application with a glass capillary, e.g. tip diameter of 1-2 µm as used by Kaneko et al. (2006) for isolated OHCs, is that it allows more precise temporal control of staining due to the capillary's relatively small size compared with the length of the OHC (20-90 µm).
Another advantage of local dye application is that apical and basal membrane staining can be separated, especially in in-vitro cochlea preparations (Griesinger et 24 al., 2002 (Griesinger et 24 al., , 2004 . However, in their in-vitro configuration where dye was applied apically via scala media, Griesinger et al. (2004) reported weak labelling in the infranuclear region, possibly because of lower detectability of fluorescence signals in the deep focal planes of the basal pole. To avoid this difficulty, in a later study, OHCs were isolated to allow horizontal orientation of the cell on a coverslip (Kaneko et al., 2006) . This orientation ensured that the efficacy of excitation and detection were similar. However, in that study, the origin of the stained infranuclear vesicles could not be ascertained because both the apical and the basal membranes were stained and the temporal resolution of confocal image scanning, as well as the experimental protocol, did not allow the spatial and temporal courses of the staining to be analyzed.
In a recent study, Harasztosi et al. (2015) investigated dye uptake at the basal pole by aspirating the apical pole into a glass micropipette, attempting to shield that region from dye applied locally at the basal pole with a single-barrel perfusor.
Aspirating one pole of the OHC enables investigation of unidirectional vesicle traffic towards the opposite pole. However, it is not possible to track the dye along the entire length of the cell because the aspirating micropipette hinders visibility of the fluorescence signal from the aspirated section of the cell. Moreover, leakage of dye from the extracellular fluid into the aspirating micropipette could not be excluded because any ensuing apical plasma-membrane signal could not be detected through the overlying micropipette.
The new perfusion technique
Given these earlier technical limitations, it was of fundamental importance to establish a reliable perfusion and labelling method for investigating, with real-time 25 confocal microscopy, membrane internalization at both poles of isolated OHCs independently. To understand the significance of endocytosis in the opposite poles and reveal the machinery of transcytosis in both directions, it was essential to develop a new labelling method for fluorescence markers. A double-barrel application technique using a theta-glass pipette was developed to rapidly control the flow of perfusant and to apply solutions simultaneously to two separate locations along a bipolar cell. The double-barrel perfusion technique was applied to the isolated OHC to stain the opposite poles independently.
To ensure that this method is suitable for investigating endocytosis and vesicle trafficking in isolated OHCs, the electromechanical viability of the isolated OHC was tested. In control experiments, electrically evoked motility (contraction and elongation) was demonstrated before and after fluorescence measurements (Supp. Fig. 2 ), indicating that the isolation process, the sustained fluid pressure from the fluid jets, and the dye did not impair the electromechanical viability of the cell.
In control experiments, by aspirating either the lateral wall or basal pole of the OHC (Supp. Fig. 1 ), it was shown that FM1-43 cannot penetrate the lateral plasma membrane, but can be internalized at the basal pole. Penetration of FM1-43 through the mechanoelectrical transduction (MET) channel is often used to demonstrate healthy MET machinery (Meyers et al., 2003) , but can be also used as a permanent blocker of the MET channels (Gale et al., 2001) . Kaneko et al. (2006) have already reported, using the same cell-preparation technique as in the present study, that dihydrostreptomycin (100 µM) did not affect the apical FM1-43 uptake. Therefore, the MET-channel route of FM1-43 uptake was not investigated in the current study.
The average basoapical transport speed of 0.41 ± 0.18 µm/s at the middle of the cell determined in the present experiments (Sec. 3.3) is no different to the average value 26 of 0.4 µm/s reported for isolated OHCs by Kaneko et al. (2006) and also shows similarities to the values observed for in situ OHCs presented by Griesinger et al. (2004) for signal delays between the apical and intracellular compartments. In other words, these comparisons with the data of others also support endocytosis as being the principal means of dye uptake.
Incubating in the pinocytosis and phagocytosis inhibitor phenylarsine, it was unequivocally demonstrated that the dye uptake is an endocytic-activity dependent process. Furthermore, incubating in monastrol, an inhibitor of the motor molecule kinesin, delayed the intracellular propagation rate of the fluorescence signal, implying that the spatial distribution of the signal is not a result of passive diffusion of the dye in the cytosol, but is partially related to a kinesin-driven vesicle-traffic mechanism.
In summary, the dye-application technique establishes a double-barrel perfusor protocol for applying fluorescent markers to a single pole or to both poles of an isolated OHC, to investigate endocytic activity and vesicle trafficking.
Applicability of the double-barrel perfusion system to other cell types
There are two main cell criteria for the applicability of the double-barrel perfusion system: 1) the cell must be a polarized cell possessing endocytic activity at both poles, and 2) the distance between the poles must be sufficiently large to allow localized application to each pole. Cell types such as rods, cones and bipolar cells of the retina, which have a cell length similar to OHCs (Hendrickson and Drucker, 1992; Karschin and Wässle, 1990; Yuodelis and Hendrickson, 1986) , could be also a target of investigations with the double-barrel perfusion system. Although the length of the enterocytes of the intestinal tract is relatively short (Ferraris et al., 1992; Mackenzie, 27 1985), compared to the OHCs investigated in this study, this cell type could also be a significant target of investigations using a double-barrel perfusor.
Conclusions
The double-barrel perfusion system is an effective tool for investigating endocytic activity of isolated OHCs, enabling independent uptake from the opposite poles. It is expected that the technique will find usage for other types of bipolar cell. The doublebarrel perfusor presents a new tool not only for revealing the types of vesicle formation mechanisms, but also for elucidating the significance of apicobasal and basoapical vesicle traffic in OHCs and most probably in other bipolar cell types.
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